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NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings) specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, ust or sell any
patented invention that may in any way be related
thereto.
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$H=SPnCrz AND DBMQI SMEcSPECVRA

UTRODUCTICN

* Smu~in1 Baw .a

icor v4# ymnar e~reefrs hivt used Ishbc specra' as im *!-4 in w~estuiding the
dxwa" potewuz 4:E 2.or d ass JL uolicr~~~i a stzruczure wkae 1ocin-Mt

t fiatwo a iubiwced mu. t*eramsiect for whIcb Lbe spectr wuc 1as6oad. Th itizto saythe
j ssoci SP-ectr=- givte b~ o=Tie~a 5zi-'icl farmi be- c=aximu respocse ef stzcle-degree-

of-freedom systti.ýs tothe aj,,A~d I ouz±dai =Oomlz.

3i b l3. Sict-ji) zxzet~ rto clarify tbhe tber.-prtese. thImkLn. z-zzg erk-Iners- Inter-
Ieste-d in tb- Cte- ecEs 01 rýte upon i1are stt~b=2 -rj Wi ~ini=Z a 4q2artiy called ceff ec-
I tive zce'ser±-ioa ci 1-- 4:= ijz-1r M1e pernd T.' This lite1--ed the prceet~-day con-cept

t c e -Ebique s ~to ez Iv Soztimzý laler. in B-4S. Tz- =.d B12: 4j%) C~sidered
Me~aChaICk s qaxi tsit?.e ofp 0 e.-r.hquzab sp.'cura, =-A L-a resazi !a-- b-et u-c~-v

~ally caued. sboc vpntra. St--= t:Ii-? time the 'U3e of shc C.Pectra bas J~rcd and many
2deirlitIs =An thecrla~ for t!;.- use of theze spettra tave arisen.

-oc-jectrum Die~c

Snesbor-k !ct- s a t-rm vwich i'acrnitOrs have use- in diftete-z ýnys it
is perba3z a st:ISx eiz;:CR:Y He rei~ ze ;=-Z !-- ; reZ A a~SpeL-

b7ala 4kc4wz U 4=' =.4 ce =-4 c I ~e =-Z - -Q
* fredch Lnjo!Iiý-f 1G.C =11ýe beez sac~cs ilx c.Z *r ax'b, 3Lz

t:47 V21=3 bcata 3p-t*dw s Of 0 tha mta±ý re;i ce 1'c Cci tba =a=;e OSCIYWera.
T4e~ Vee-r;ýI csn C-,Gst. eiC% h ~it~ c v! e~r~ ve~oci, or Viat ueU

th ~ ~ ~ ~ __n -=- -'l'-san =, or ý/: i reseci-dw

ve; te b a z ca amw ftzed up= reb-T 1 sp1 ceec respc=s 13 c=Ccnced
v431 ! 'wI lr~'I~ Zb id-- -= 0a tef1n str-essn Or stnics~ I-- t2~e fledbe sacubers
aj tb- S~w ' =-;, b e specra In tCIocitruamit f'relatue dispise-4 mezt Vtic--s in-e~y rx--=,er =Int tize) sre used. -1iotdeabem

-in cootr&&L a aiesi= sbn,ý szctrn is a p~v- c! iavesw b ul len
irilyst @so Ore-fft the srezewes,-t., JA a cwtezip'la~ sr ctr icr rmepclift ty.? 91

" "di~~sCh as eý_2 eanti snt-a. TbMs specal. kLnd 01f se isr Is .the a mathe-
j Ma.cz! edncet4 ratber than- vzsily measiral'-e qcznz~ty,.
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Inherent In the aSSUtupticia that the Worst possible shock that a class of strur~ure W*in
tezr havec to undergoz Is the e~nvelope of all possible shuck spectra for that ty-pe of Leadien
is the iollo~wig: The impcd~nce ul the founmdntiun is '-cr) large ov-er the entire frequency
range. and t~he structure has vecry little Impedance at Its foundaliun ov-er ti-c frequency
range. This means "ha the d ntarnic react ion ut the structure upon its foundation is unable
to affect the mutfioz of the foundation, and it-at sl4Ih:Iy dissimilar structures wili have to
respond to ths- same foundation -notion. Of course Whs assumpfion is obviously not true.
but cnly accaztly has it been explivitly sho-on (3) that the effect of such an anaiysis was

* very greatly in errar.

In a set of field trials data w-as collected for a numN-z of shocks at a large number ofI
elifferent px-ir~ts in subm3-Ines. It was hoped !hat by classify-ing the type of location, type
of shock. za-d tlhe equipment rcsponding to tlosce b~kscorre~ited Srtwps could be formed
vhtch would erabla tbe znalySt to prou~ce a series of shock spectra which Would be useful
In design (A). It was deci~ddto inke a 10-percent ch~nce on ftilure of elastic a-ceion, so
that all the -valilable shock spectra for a particular class of IoL-atk-n and shock were plot-;
ted on a1 sing~le graph. fllys-peek st*yli.. and a SO-pe-rcent fiCucia limit drawn. In the coum-
putatio-i of stresses s.-htch would L-. ca-uscd by this SO0-percent fidecizI limit curs-e it
bec.ame iramediziely apparent that' lew mild steel structures would sersv:,e the severe
shcck described by the spectru~m. Boa-eser. the structures which were in place during the
field trlzls did survive. so something muest bave been vrong with the &heory of combining
these shoc spectraL

Puarpose, of thef Examples

--I prbem of the os-erconserration of th~e fiduclial limit curvecs was inrestirated (5)
and. it mn oUcedi t--t normali-modz theory caiyr equilce- the s-hcck spezirum s-alues at
fly,%-base nzaira reencaso a.? the structure In place daring the slhock motion, to
cL;-im:t- Ezvesses. An ez mn*.attoi of L .6fd-21 shock spectra I, tis r-etar4 sbave

r---,t ds-u:;esa fewc simple theoretical examplca to acquaint she reader with the problem.

Consider the problem off tirying to formulate a de-sign shock spectzrani. Theoretically
the omy~ valu2es of a mea2sured cbock specctrumr lr* are vadid for dynamic rrsponse Cal-
culations a.re thost which correspond to the fixed-basee natural frequencies ofl the structure
aliich vwas in place dazing tbe s-hock- motion, La contraist a design eeiUv spet-trz zheuild
al~ow 2n *-nztlyst ta de-sign-c-heck a contemplated structure srhics has never been eublected
to a shack an-d ter wtirli no =r2easured sbock spactrum exists. -9 -would seem that the first
ste might bc to compare Cie s'hock spectrum -.-alues at the fixed-base nt~ural farequencles

of structures in pL- ce euring the sbock znoticý% with the cenerral spectrum levells. TiMS
compari'son mlcbt thena rllow the designver to formulate a lter~cral, spectrumt which could bej useful in future dtsigns. An attempt to do this on an inalginary class of Structures sub-
jacted to the sQmetype ofshod:Is the subject of these exampies-

EVAMPLE I

j ~~To Illjustrate the diference between ardinary shock spectra and de-siLM shodt Wpctra
tesiwmple undaniped free-free structure of Fig. 1 was cbosefi as the first example becaure

it is a systemt iiiclh cain be readily, calcuiated.~ Let u.0 be iub~lecacti to z nicuftp~e To. If
V.is co:;sldeeed to be the four-dztllon.. ard-i1, Is the mznan %:, thee equpinPcid Alrtu-re, the

problem is. -What Is the design 3hock spectrum for tve, equipment caasistlrng of V, and K7'

A fixed-base natural frequency is thit fre m.ency -4hich wrould exiet it the oaundalic were
infitritely Stiu' and hea;Vy.

---- *--z - ~~------ ilk

- - ~ ---.-'~- --- -- Y

~,.-u: 21,

4n;;;j.
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Since thi- sisock spict!i uender discussion are the ielocity specttl Icmeod befame
a abodjimeniloahl fosm of the destgp sbo.* spectum brcimmesý

lbis spectrum Is seen to be Independent of-frtquency. and rig.; 2 s a &0-1 wiich shows how
the des1n &bock zpectkcmviat-es wPth the mast ratio. Figure 2 is In ve-eral u-4l P~latte
In the uiual Icibcime a spectre.xn; that is to say. it is not a pint o! a qZas a tudctwou
Of freq-4aeusicy. However. once tke. zn's dltributhlon is kanis. Pig. 2!ýx Ee use- mj. dl~erte
miilztbv2h* ci XiN- . whilch then becomes the desitn i-zhae. Sarnce ea-nh cd1 tnýe %esý
Is it.ný.dcendct ef Ir e- iuency the deilgm Ahctk spectra wim!d be a ULzdirc.~ -Zne~a

* ~straight lines in !be xz" versus frivuerncy Vlane. one line- for taci ~at x rat~io.

IL

I -C

1 V a

-o -

Vaitina thdzir shc Icunwt ms

rati fI h raie re-resse ftt

vlo~ 44 06 Ymzi ftetaa-ii &Is ýcbeocI=_2 rlaj

'wbert -s6 icecY& tnal ~tla.sd ti te * .4;lgUe aý
lid equto w a deirivd by noWigta h ral~e" oacillaor wl ucmztZect the omto .-

tion zi4otio and by sovei the fs~ Euhafel Inte~raL-



-2tis of lu~wcalt Ultetest~t ezamýMLe Eq. () cusely. The Osculatioo Is Composed
~wo eomp"Me., cue' of ftequesncy P Uhte jiaural Irhuer,iw of the syateca as a whoWe,

-a3ir -1eo ztbeteqwerncy ('tbe freq~ecy 6! the ni-ssiesa loscillator). When 'F eCoals 2
~ aicila~ioa at r~t e e av (lit . the second terai inEq. 5) vzxzisbes. Tkat nieAV

w.~*sarsless csdflacr us~rpcs the saze mctioA as the muass K aIn s this cas
mv t--agt the niaaless oec;1!aaor !ms ftrqaucy -2. it has so coa~pommet of Zrequsacy a

_:- :XSmtia.itisilo ee tathis is Lm~ odyalv -=ya which this Occurs.

Vni th sho sott~ Is th ae -o Eq. 5). it may be wvritten an

4-41

; ft 17.ý21 fý2 V2` -('
too ~ ;(p.~

2

3.-0

- ~ 'Zn-w' this 19 1 f~~Iuati XDMct-oc3U1Y LMMreIZ with Va-

-~ Z-
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awbich Is lwayS paltive MA AWroadles *z 38 -k p. or the reglm .6 P. Eq. (7)ia
be written as

ir p;.&
2
p) L-2 - P

The point* Of inttreSt bere are

LiW

Liz

Xir~e that zathouA tht limit coes, to I the vial-e ts always greater thea t I - 3lir.fI*2'2-
To s ow thal this is a in)ýom~caliy decroasing £unzztow

q_1 t-X £2

Figuire 31is3 supercm-i plot of the designi shocet spectra for a spaecilte ma2ss 12110,

amd o. tht .teoretical ro s7ectra ci Eq. ri). obzzired for the sam-e zystcnm. The curve
lzb-zled. FS. is the pmc! of he =23xinum value el Lhe zin -t campo~e.- Of E!Z. (5,. The
deslgn Sbixk specirnn= is -- bor:v0al Iiz~e Of laci-ht f1~,1;~ I vh!i the thmoretical
z!-or-1 3pecteam for zbhe z-_*em aiob~ned ca the famddtton fl. Is belcm the deSiSO Shcock
s5petrn= ta !C req;.ecy z. zdthen is atwzys zlzve sIt. 1t =Puld be n=ed =- 1r,! itahe

rhc pnum .r4 the s .uta hoinh spact-rum =eet oruly at me paint-*. the ~
nmt!:72 1mr-eacy a -of the %-ePr eqjipmeat zystam. 111-s pzt131 ncc~m M-here the C01Wen
af th- fI-Vecy, !trm ý.f the: mAszlesa ocUillar. Ianshe (urre lbldF.S.). In any

zyt i-vt!h &=mpton Lhe h-Ce pem umculd have a Umimt. trt it could ce zeveral times
tdiýee ha the asis, -A-W

* ~Figure- 4 ils a plot Of tvo theoretical shodci Spect-a for two syzlens hzring the =ame
mIsss ratl-o. Thespring in thz hiighcr forkiza-ey Sr~em ~Sche5'; tIn Z.,?, 3 fasbion tiat
the fixed-base r~a-murl i.-eqoeccy ol t1.e simalzte-d Etrcmcti-e W* cnl ith-the Vatural
irequezry ef tbhe Iower Ie xySystem, P. The envevopee lne for tbe two spectra is

* masked.

it shoald be mced ttat. s~ch a e mbtc.atcriml ratysis woauld 3ay~ lhat it would be neces-
sary to use a very lxrge- snrvk pctrtnm value for the stiffer system 2% However. ft IS
cleairly e-vident thal thte vesign spectra= is not this v-ry Uarge value.

11 maany shoe3is were scperposed! In this fac-bion and an envclzpe or high ttdacta Itakit
curve drawn. u..vm it is a2ar=en:m that this -'-"d represent a toza~dy cnreas~mable 3aproxl-

matin to the proper dsLjm hac spectra..

EXAWLt It

-As it Seetud 11icst: c'~ ithe difference betmeta *sI!ja hok spectr~a An~d oIAr
sccrte 5 -wi~ ill ed scssed It! Iassumed tbit; 91 a ,Is the

iiudeton i te emp=emr TZ and V & ad tat the bane of the combinWed strqcture mder-

£ce a tepchacein vjebeay±7

IT

z
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W-'th rass ratio ari3 If*.-,cecy ratio fý
~~ Syluen a( Fit. S

U* rlknc OC-C-r-M o xcv 4ý- LJ(3..) ami b a =Irke of (R-'L.ý) t 2

---- a ~ I- 2ltt bh.7. Z--d it Is de--zy e- msizMateed thit ewea Is 1hu. 1wugld
ibzzi ~ ~ ~ cot zb =---ekl!: =rpvyil-;aicras= =Zi =1m. P.*=uuf
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when- 7z iil Isaltd comnparlsa@ or ytef eent theoretical

'tram spetru thisp int ietr

(ipi 9n frqu sc a'"tio a th mepstmothe hcspcrtatesmews
.~included. The solid line Is the appro~luatioi t the destiga slw~ck spectrum tkwd

I* WIMA bi n enwelope type! ofalriysis. It is evident that the over conservative assunip-
tioris inh!erent ki such an analysis yield a spectrum vhicb ! isn no wayr representative of

A~ a desliga shock spectrum. and Is extremeir severe.

There-a is an whpole? Csier lemen0tand avssme Ithatob axreored in thes simple trat i

_Made whenh the point T, undergoes a diftur~ce. In terms of the parameters

q.2 F3
WSK'

3'

m_ AL2Fig. 10 -11gree degree-

F the dffertr~taW equatios can be set up $or applicaaIon af normal-mode theory (s) and the
xiode shapes can be written a

_X3~

a -ii74

'f mit ~'iZa

n,~ - 111-

*71

. . . . . ............. ....... W t

_ _ _ _ _Z_
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90i* vf a By aturai frequuusy. Thle frequesci equation Is

a:2 -. (-l.. (lei

Dy the hypothes~s OhW ow- of the Pas coincides aiba hnfrmE.(8

*L Z2 Vp2 0'

Avpbfmt Ws to Eq. (10wd (17L

K). M.3

IndicatIn a mode exiats at a lo thi frequency. Te rempmae recorded at ra teoe

J.Ts~ 1 2Td - -

ITz Sin inP 3 it-T or61.T mi

and the freq~aency P. =m Des ot appiear. Ibis me&= Val no Uarge tra3Ieat tul
w-Ld occur and M-ere sculd therefore be no nlare peak at tWe freqnency if T, Is mot m

frequeny SelectWe.

jomm imm"

j t D~y ine-anae tbexe te* elementmry exazmpks It Is hoped that *me Insight hAs been -

:abned ty the reade-r conte~nmag the problem of usin~g shock sipecrra for &-s!Sn 3nrpowse.
-~~ it bs~ bee= zhoua U-at desiga shock spieztra ar-d th-torelcal sbock spectra can be quite

- ~ffrea, nd heerrcr involved in uslIn e for the other can be appreciable.
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'-be + use o( an enrseioe (t4 high liduclal limit) type of an=l)sis lea&3 to reselts as
stri" in Figs. 4 and 9. gii-ng a false imrpressliua as to the scierity ut the shock for whieb
the systeca-.•.st tW desiied. This happens because the us- of the large pea"s tends to
-control the final position of the cu.-%c in the fiducial limit t)pe af combinatorlal anadysis.
and it was deio.-nstr-at-d that t1ese peaks at the combined sy•-.tm'x natural frequencles
&3 nA zater into drsiln shPock spectrum crnsiderations. Thi- was shamn to be true even
-when the e-uij fixed-base nat-ral frequency -omc-dc-d with 3 catdaral frequency of
the sylsem as a Whole in Example Il.

SI The other major poi t of interest is that Lhe cmupc:ent of response of the massless
44osillators at their nat"ral frequency dis•ppearcd when it co"eided wih the fixed-ibse
-natural frequency of the equipment stracure. lit a fashiun the plot of :his compýo.wMent Is
a kin*•it. the Fuurier spectrum of the fu.-;rdlvlin motion. and In the case where the motion

J t ens •in f:nite time. the a.Ier shock spectrum- is traly the Fourier spectrum oi the
vi.-latioit...rity forcing function.

Pert.•e -his repert has raised more questions than it has answered. Hlowever, Me
prope: et-,,li•! on Gesign shock spectra is of extreme importance and is worthl of
-serous consideration.
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From: Darlene DeMarr, Code 5596.3

Date: February 27, 2006

Subject: Change in Distrbution Statement and/or Classification

Please change the distribution statement on the following document to

"Approved for Public Release - Distribution Unlimited":

AD0230007, NRL-5386.

Please change the classification of the following documents to Unclassified:

ADC065152 NRL-3774

ADC067525 NRL-3582

ADC066573 NRL-3574

ADC061828 NRL-3964

ADC068099 NRL-3756

ADC068845 NRL-3758

ADC068231 NRL-3782

ADC068176 NRL-3788

ADC062613 NRL-3812

ADC067772 NRL-3816

ADC062696 NRL-3846

Thank you,

Darlene DeMarr
(202) 767-7381
demarr@nrl.navy.mil

1
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Naval Research Laboratory

Technical Library
Research Reports & Bibliography Unit

To: Larry Downing, DTIC

From: Darlene DeMarr, Code 5596.3

Date 5117/07

Subject: Change in Distribution Statement

Re: AD0230D07

Please change the distribution statement on the above-referenced document to:

"Public Release - Distribution Unlimited"

Thank you,

Darlene DeMarr
(202) 767-7381
demarr@nd.navy.mil


